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A low pressure gradient across the residual lesion and a 
minimal percent residual stenosis are markers of a success- 
ful coronary angioplasty. A more physiologic method of 
assessing the results of coronary angioplasty would involve 
assessment of myocardial perfusion in the affected coronary 
bed. Contrast two-dimensional echocardiography provides 
information about regional myocardial perfusion. To assess 
the correlation between pre- to postcoronary angioplasty 
changes in gradient or percent stenosis and the increase in 
peak contrast intensity, 23 consecutive patients were stud- 
ied during coronary angioplasty. In 19 of the 23 patients, 
the coronary angioplasty was successful and in 15 (79%) of 
the 19, an adequate echocardiographic study was obtained. 
Mild and transient side effects of echo contrast were 
observed in 3 of the 15 patients. 
The gradient across the residual lesion decreased from 
52 + 12 to 11 + 4 mm Hg (mean f SD), the diameter of the 
stenotic lesion decreased from 89 & 10 to 25 f 16% and 
corrected peak contrast intensity (peak contrast - baseline 
contrast in gray level U/pixel) increased from 15 f 16 to 50 
+ 26. All these differences were significant at the p < 0.001 
level. 
Corrected peak contrast intensity correlated exponen- 
tially with the decrease in pressure gradient (r = 0.82, p < 
0.001). The correlation curve had a greater increase in peak 
contrast intensity at gradient decreases >45 mm Hg. Cor- 
rected peak contrast intensity did not correlate with de- 
crease in diameter of the stenotic lesion (r = 0.19). 
(J Am Co11 Cardiol1989;13:852-6) 
A low pressure gradient across the residual lesion and a 
minimal percent residual stenosis are commonly used clini- 
cal markers of a successful coronary angioplasty (1,2). The 
pressure decrease across a coronary artery stenosis is lin- 
early related to the length of the stenotic segment and 
inversely related to the minimal stenosis diameter raised to 
the fourth power (3). For this reason, a small amount of 
dilation can produce a large decrease in the pressure gradient 
across the residual stenosis. It would be desirable to have a 
marker of myocardial perfusion to use to assess coronary 
angioplasty. Myocardial contrast echocardiographic mea- 
surements have been shown to correlate well with regional 
blood flow as measured by electromagnetic flowmeters and 
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radiolabeled microspheres in animal models (4,5). Myocar- 
dial contrast echocardiography has been shown to be rela- 
tively safe and effective in human experiments (6-12). 
Pressure decline (in millimeters of mercury), decrease in 
the diameter of the stenotic lesion (in percent), and peak 
contrast intensity derived from two-dimensional echocar- 
diography enhanced by contrast injection (in gray scale 
Units/pixel) are quantitative variables. No information is 
available on the relations between these variables before and 
after angioplasty or whether videodensitometric analysis of 
contrast is better than semi-quantitative visual estimation. 
To answer these questions, we assessed the correlation 
between the pre- to post-coronary angioplasty change in 
gradient or percent stenosis and the change in peak contrast 
intensity in 23 consecutive patients undergoing coronary 
angioplasty. 
Methods 
Study patients. Of the 23 consecutive patients undergoing 
angioplasty, the procedure was successful in 19. In 15 (79%) 
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of the 19, an adequate echocardiographic study was ob- 
tained, and these 15 patients constitute the final study group 
of I1 men and 4 women, aged 44 to 71 years (mean ? SD, 57 
+ 9). In 10 patients the indication for angioplasty was angina 
(unstable in 6), and the other 5 patients were in their second 
or third day of an acute myocardial infarction (2 after 
fibrinolytic therapy and clinical criteria for recanalization 
and 3 with non-Q wave infarction and active electrocardio- 
graphic [ECG] changes). In these 15 patients, 16 coronary 
angioplasties were studied (10 of the left anterior descending 
coronary artery, 5 of the right coronary artery and 1 of the 
left circumflex coronary artery). 
Echo contrast agents. Sonicated meglumine sodium 76% 
was used as a contrast agent, prepared by a previously 
described sonicating chamber technique (13). This method 
resulted in a suspension of microbubbles with a diameter of 
9 t 3 pm (mean 5 1 SD, by light microscopy) with a 
constant concentration of microbubblesimicroscopic field 
(13). 
Coronary angioplasty. Before angioplasty. each patient 
underwent selective coronary angiography. Heparin (10.000 
U) was administered immediately after the arterial sheath 
was introduced into the femoral artery. The size of the 
balloon was calculated on the basis of the normal segment 
proximal to the site of the lesion to be dilated. Guiding 
catheter and balloon catheters (USCI) were used in all 
patients. After crossing the stenosis the balloon was inflated 
several times. Transstenotic gradients were measured before 
and after the dilation. Final coronary angiography was 
obtained with the dilation hardware removed from the 
artery. Technical success was defined as ~50% residual 
stenosis and a transstenotic gradient of ~15 mm Hg, with no 
complications requiring emergency surgery. 
Echocardiographic technique. Ten patients were studied 
in the supine position; the other five were rotated on their 
left side by a specially designed inflatable device (14). A 
commercially available Toshiba SSH-60 or an Ausonics 
Microlmager sector scanner was used, equipped with a 2.5, 
3.5 or 3.75 MHz. transducer. The transducer and gain 
controls were kept unchanged during each study. Recording 
started before injection and continued until complete disap- 
pearance of contrast. 
The echocardiogruphic views that were employed It’ere 
chosen according to the coronary artery studied. For prox- 
imal left anterior descending or circumflex artery lesions, the 
parasternal or subcostal short-axis view at mid-papillary 
muscle level, a parasternal long-axis view or an apical or 
subcostal four chamber view were used. For mid-left ante- 
rior descending artery lesions (after the takeoff of the first 
septal branch), the apical four chamber view was always 
used. For the right coronary artery, a parasternal short-axis 
and an apical two-chamber view were used. 
Intracoronary injection protocol. The volume was 3 ml 
for left coronary artery injections and 2 ml for right coronary 
artery injections. All injections were made by the same 
person (LSO) after gradient measurements, immediately 
before and 5 to 10 min after angioplasty. In the patient with 
two vessel angioplasty (left anterior descending and right 
coronary artery), the same protocol was repeated before and 
after the angioplasty of each coronary artery. 
Evaluation for potential toxicity. Symptoms, ECG chang- 
es and wall motion abnormalities were recorded during each 
injection. 
Two-dimensional echocardiography. Visual estimation of 
the improvement in peak contrast intensity was performed 
immediately after completion of the protocol by classifying 
the increase in intensity of contrast into three groups: group 
1. mild increase; group 2, moderate increase; and group 3, 
good increase in contrast. Corrected peak contrast intensity 
(baseline contrast intensity subtracted from peak contrast 
intensity in gray scale U/pixel) was analyzed off line by an 
observer who was unaware of patient data with use of a 
Microsonics Datavue system (Microsonics). Echocardio- 
graphic frames were operator selected by freezing the de- 
sired image at end-diastole synchronized to the peak of the R 
wave on the ECG. The area of interest was traced on the 
basis of coronary blood flow distribution of the treated 
coronary artery and the echocardiographic view in the 
method as described by Cheirif et al. (12). In the short-axis 
view, injections into the left coronary artery enhanced the 
anterior septum and the posterolateral wall. Left anterior 
descending artery territory was separated from left circum- 
flex artery territory by a borderline marked at a position 
equivalent to 2 o’clock. In the short-axis view, injections 
into the right coronary artery enhanced the inferior wall and 
inferior septum. In the apical two chamber view, right 
coronary artery territory included the inferior wall and the 
posteromedial papillary muscle. In the parasternal long-axis 
view, injection into the left coronary artery enhanced the 
septum, considered as a left anterior descending artery 
territory. The posterior wall was considered as right coro- 
nary artery territory or circumflex artery territory according 
to left versus right coronary dominance. In the four chamber 
view. injections into the left coronary artery showed myo- 
cardial contrast in the septum, apex and lateral wall. The 
septum was considered as a left anterior descending artery 
territory, and the lateral wall as circumflex artery territory. 
The left ventricular apex was the area of interest in mid left 
anterior descending coronary artery lesions. 
Angiographic results of angioplasty. Interpretation of the 
percent stenosis before and after the dilation was performed 
by taking the mean stenosis of at least three different views, 
determined by a single observer (L.S.O.). 
Statistical analysis. Paired Student’s t tests were used to 
compare the gradient, the diameter of the stenotic lesion and 
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Table 1. Changes in Gradient, Percent Stenosis and Contrast 
Intensity in 15 Patients 
Peak 
Contrast 
Gradient Stenosis (gray scale 
(mm Hg) (%) U/pixel) 
Preangioplasty 52 ? 12 89 t 10 15 2 16 
Postangioplasty 11 r4 25 t 16 50 + 26 
p Value p < 0.001 p < 0.001 p < 0.001 
Gradient = gradient across the residual lesion; stenosis = diameter of the 
stenotic lesion (in percent); peak contrast = increase in corrected peak 
contrast intensity (peak contrast-baseline contrast, gray scale U/pixel). 
the peak contrast intensity before and after angioplasty. 
Regression analysis was used to correlate the decrease in 
gradient and the decrease in the diameter of the stenotic 
lesion with the increase in peak contrast intensity. 
Results 
A satisfactory quality echocardiographic study was ob- 
tained in 15 (79%) of the 19 patients with successful angio- 
plasty. Pre- and post-angioplasty gradients were measured in 
12 angioplasties. The diameter of the stenotic lesion was 
measured and the percent of stenosis calculated in all 16 
procedures (1 of the 15 study patients had angioplasty of two 
vessels). 
Toxicity. Side effects during contrast injections occurred 
in three patients and were always transient. One patient with 
unstable angina1 syndrome developed transient precordial 
pain and ST-T changes during each injection of angiographic 
dye or the same angiographic dye including echo contrast 
agent. One patient had a brief period of asymptomatic 
second degree atrioventricular (AV) block (Mobitz type I) 
and another patient had asymptomatic transient sinus brady- 
cardia. 
Contrast echo intensity, hemodynamic and angiographic 
measurements (Table 1). The gradient across the lesion 
decreased from 52 ? 12 to 11 2 4 mm Hg (mean + SD). The 
diameter of the stenotic lesion decreased from 89 f 10% to 
25 2 16%. The corrected peak contrast intensity increased 
from 15 ? 16 to 50 ? 26 gray scale U/pixel. All of these 
changes were significant at the p < 0.001 level. 
Correlation of contrast echo intensity to hemodynamic and 
angiographic data. The increase in corrected peak contrast 
intensity correlated with the decrease in gradient across the 
stenotic lesion (r = 0.82, p < 0.001). The correlation curve 
was exponential with a greater increase in peak contrast 
intensity at decreases in transstenotic gradient >45 mm Hg 
(Fig. l).There was no significant correlation between the 
corrected peak contrast intensity and the decrease in the 
diameter of the stenotic lesion (r = 0.19). 
Correlation of videodensitometry with visual estimation of 
contrast intensity. Visual estimation of peak contrast inten- 
sity (mild, moderate or good contrast) (Fig. 2) clearly dis- 
I 
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A Gradient (mmlig) 
Figure 1. Correlation between the decrease in pressure gradient 
across the lesion after coronary angioplasty (A gradient) and the 
increase in peak contrast intensity (A peak contrast intensity, gray 
scale U/pixel). 
criminated good from mild contrast intensity. Good contrast 
intensity by visual estimation was associated with an in- 
crease in contrast of >40 gray scale U/pixel (66 ? 1.5, mean 
+ SD). Mild increase, by visual estimation, was found with 
an increase in contrast intensity of <40 gray scale U (17 + 
11). A moderate increase in contrast intensity, grade 2 in 
Figure 2, was found to overlap both the mild increase and the 
good increase contrast groups with a wide range of 11 to 48 
gray scale U/pixel. 
Discussion 
Methods to assess angioplasty. As discussed by Smalling 
(15’) and supported by our results, visual interpretation of 
stenosis severity is inadequate. Image reproducibility of 
coronary angiography, altered appearance in different views 
due to eccentricity of the lesion and intraobserver variability 
Figure 2. Relation between visual estimation of the increase in 
contrast intensity (l-mild contrast, 2-moderate contrast, 3-good 
contrast) and corrected peak contrast intensity (A peak contrast 
intensity, gray scale U/pixel) as measured by the computerized 256 
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are among the main reasons. Differences between measure- 
ments cannot be explained by technical problems only: 
coronary arteries are not fixed structures and changes in 
vascular tone may significantly alter the angiographic ap- 
pearance (16). 
A low pressure gradient across the residual lesion is 
commonly used as a clinical marker of a successful coronary 
angioplasty (1,2). The reduction in pressure across a coro- 
nary artery stenosis is inversely related to the minimal 
stenosis diameter raised to the fourth power and for this 
reason a small amount of dilation can produce a large fall in 
pressure gradient (3). 
Contrast echocardiography to assess myocardial perfusion. 
Myocardial contrast echocardiography is a more physiologic 
technique to assess myocardial blood flow. Lang et al. (IO) 
showed increased myocardial perfusion to the area of “con- 
trast defect” in five of seven patients after angiographically 
successful angioplasty. Griffin et al. (11) assessed with 
contrast echocardiography the area at risk during balloon 
occlusion. Cheirif et al. (12) found that after a successful 
angioplasty the peak contrast intensity in the involved region 
improved significantly with a further increase in peak inten- 
sity after the administration of papaverine. 
We also noted a significant increase of contrast intensity 
after a successful coronary angioplasty, as reported by 
Cheirif et al. (12). The relation between the drop in pressure 
gradient and the increase in corrected peak contrast intensity 
(Fig. I) had an exponential behavior, upsloping when the 
gradient dropped by >45 mm Hg. Patients with a lesser 
decrease in gradient after the procedure had a small increase 
in corrected peak contrast intensity. 
With the currently available equipment analysis of myo- 
cardial contrast echocardiography is performed off-line, so 
the quantitative results have no influence on the decision 
making during angioplasty. However, qualitative visual es- 
timation of the increase in peak contrast intensity can be 
performed after each injection of contrast by an experienced 
observer. This estimation correlates with off-line measure- 
ments of videodensitometry. 
Safety. The relative safety of myocardial contrast echo- 
cardiography in humans has been illustrated in several 
studies (6-12). Our study group comprised patients with 
severe coronary artery disease, unstable angina and acute 
myocardial infarction. Even in this group in relatively unsta- 
ble condition, mild and always transient side effects were 
noted in only 3 of the 15 study patients. 
Limitations. As for all echocardiographic examinations, 
contrast echocardiography is sometimes limited by a poor 
acoustic window. In our unselected population the success 
rate was 79%. Meglumine sodium is not an ideal contrast 
agent because of its negative inotropic effects, to which 
microbubbles may be additive (17). A better (less negatively 
inotropic) contrast agent, such as sonicated 5% human 
albumin, for example, should be introduced for human 
studies after adequate toxicity evaluation. 
Compared with the usual echocardiographic study, echo- 
cardiographic examination performed in the catheterization 
laboratory is sometimes technically difficult. Sterile draping, 
multiple lines, limited space and the attempt to perform the 
echocardiographic examination as quickly as possible (to 
avoid adding extra time to the already long procedure) are 
some obvious reasons. The quality of each study and thus 
the percent of good quality studies would probably improve 
with a better method for turning the patient on his or her left 
side (that is, a turnable catheterization table). Brief echocar- 
diographic examination before the catheterization is valu- 
able, because the echocardiographic windows can be pre- 
determined and even marked. The best available instrument 
should be used, especially one with sufficient penetration 
due to the well known technical limitations of echocardiog- 
raphy in coronary patients. 
Measurements of segmental wall motion and thickening 
were not done because of the limitations on the time avail- 
able for repeat echocardiographic data acquisition for re- 
search during coronary angioplasty as well as limitations of 
image quality. 
The current study is the first attempt to compare quanti- 
tative variables derived from hemodynamic measurements 
across a stenosis before and after angioplasty with contrast 
echocardiographic data. The exponential correlation be- 
tween the decrease in pressure gradient across the lesion and 
the increase in peak contrast intensity should be validated in 
a larger number of patients. 
Conclusions. Contrast echocardiography can quantita- 
tively assess immediate results of coronary angioplasty. 
Marked improvement in peak contrast intensity indicates a 
significant drop in the pressure gradient across the residual 
stenosis and may reflect improved myocardial perfusion. 
There is no correlation between the increase in corrected 
peak contrast intensity and the decrease in the percent 
stenosis of the residual lesion. Visual estimation of the 
increase in peak contrast intensity is useful to discriminate 
between good myocardial echo contrast intensity, suggesting 
adequate reperfusion, and poor contrast intensity, suggest- 
ing a relatively small increase in myocardial perfusion after 
coronary angioplasty. 
Myocardial contrast echocardiography seems to have 
acceptable lack of toxicity in patients with severe, unstable 
coronary artery disease and can be performed during proce- 
dures in the catheterization laboratory in the majority of 
patients. 
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